Abstract. Subjective Visual Disturbances are silent adversaries that appear over a period of continued exposure and arise when the visual demands of the tasks exceed the visual abilities of the user. Jewellery manufacturing activity involves precision designs, setting the metal and stones, polishing and filing which requires higher visual demand. Therefore, it is expected that the jewellery manufacturing workers may experience subjective visual disturbances. This study was taken up with the following objectives 1) To study the presence of subjective visual disturbances among jewellery manufacturing workers and compare the same with VDT operators 2) To study the effect of work exposures on subjective visual disturbances and 3) to ascertain whether subjective visual disturbances have any permanent vision related problems. The study was carried out on jewellery manufacturing workers, VDT operators and on graduate students. The symptoms of subjective visual disturbances were identified using a questionnaire developed by Sheedy (2003) . Viewing distances were measured and visual angles were calculated. The eye check -ups were also carried out. The subjective visual disturbances were higher in jewellery manufacturing workers. The findings suggest that work exposure has an impact on the causation of subjective visual disturbances. No pathological conditions of the eyes were observed.
Introduction
Visual disturbances are silent adversaries that only appear over a period of continued exposure. In modern life, one of the visually demanding activities is working with a computer or visual display terminal (VDT). The users of the computer experience visual problems, collectively known as Computer Vision Syndrome (CVS) (3, 16) . World Health Organization has classified these syndromes as asthenopia under subjective visual disturbances (18) . The causes of asthenopia are a combination of individual visual problems, poor workplace conditions, improper work habits (prolonged work exposure, sitting in non optimal posture), higher visual concentration, continuously looking at a fixed object and lesser blinking of eyelids (2, 15) . Sheedy (6, 8) categorized the subjective visual disturbances into a) visual b) ocular c) asthenopia (eye strain ) d) photophobia (sensitivity to lights) and e) musculoskeletal symptoms. Later on in 2003, Sheedy et al (7) proposed a new classification; visual, ocular-external symptom factors and ocular -internal symptom factors. There are no special hazards or risks inherent in computer work that is different from reading a printed text or performing near point tasks. Soderberg et al (4) had observed that the operators engaged in microscopic work had experienced symptoms of visual strain. Mao-Jiun et al (9) reported that the workers of a semiconductor manufacturing industry, working in 12-hour shifts using microscope, had experienced eye fatigue. Woods (17) had observed that the data processing workers had experienced eye problems such as tired eyes, headache, impaired visual performance, red or sore eyes. Studies had also shown that the workers of the electronics industries had suffered from visual discomforts (10) . The workers engaged in salt production experienced visual problems such as eye redness, glare sensitivity, watery eyes, burning eyes, dimness of vision and photophobia (14) . Jewellery manufacturing activity involves precision designs, setting the metal as well as the stones, polishing and filing. At every stage of manufacturing, checking the quality and precision of the product are very important. As any rework increases the labour and material costs, the workers need to pay a higher attention towards the quality of the product. In such a case, the workers may require to pay a higher visual attention for performing jewellery manufacturing activities. Therefore, it is expected that the workers engaged in jewellery manufacturing may also experience visual discomfort at their workplace. Keeping this in mind this study was taken up with following objectives:
1. To study the presence of subjective visual disturbances among jewellery manufacturing workers and compare the same with VDT operators and graduate students.
2. To study the effect of work exposures on subjective visual disturbances.
3. To find out whether subjective visual disturbances have any permanent vision related problems.
Methods
The study was carried out in three phases.
Phase one: study of visual disturbances in jewellery manufacturing workers

Subjects
Two hundred fifteen young male subjects involved in jewellery manufacturing and one hundred VDT operators from IT enabled organizations had voluntarily participated in this study. Signed informed consents were obtained from all the participants. Minimum one year of work experience on the same job was the inclusion criteria for this study. The study was carried out in Zaveri Bazar region of Mumbai -one of the jewellery manufacturing hubs in India and at IT enabled organizations at Mumbai.
Identification of visual disturbances
General information like age, working hours per day, years of experience were collected through structured questionnaire. The symptoms of subjective visual disturbances were identified using a questionnaire proposed by Sheedy et al (7) . Responses of any two of the symptoms were considered as the presence of subjective visual disturbances.
Measurement of viewing distance, viewing angle and illumination level
Viewing distances from the eye to the objects were measured for both jewellery manufacturing workers and VDT operators using a flexible measuring tape.
Measurements were taken nearest to 0.1 cm. Object sizes were measured (nearest to 0.1 mm) using a Vernier caliper.
Phase two: Effect of work exposure
The effect of work exposures were recorded using eye discomfort questionnaire (mentioned in phase one) on 26 jewellery manufacturing workers and on 26 graduate students -control group subjects (sedentary, involved in reading, writing and occasional VDT operations). This group was selected as control group as they were not predominantly involved in near point visually demanding tasks. The study was carried out before beginning of the day's work and after end of the day's work. Difference of scores of before and after the exposures between the experimental and control groups were then compared.
Phase three: Eye check-up and measurement of Eye blink rate 2.3.1 Eye check-up
Head posture, ocular movement, convergence, visual accommodation, fundus, ocular positions were examined by a qualified ophthalmologist. Tension of the sclera (intraocular pressure) was measured by tonometer. The eye check-ups were carried out twice in a day; in the morning before the beginning of the work and in the evening, after the completion of the day's work.
Measurement of Eye blink rate
Eye blink rates of the workers while performing the jewellery manufacturing activities were recorded using a Handycam (Model No. DCR-PC108E-Sony Corporation, Japan). The recording was carried out for 15 minutes. The camera was focused on the worker's eyes to record the blinking of eyes while working. The recorded videos were replayed and using an event marker, numbers of blinking were counted for the entire period of fifteen minutes. Using a stopwatch with a recording facility of 1/100 th of a second, eye focus times were then calculated.
Statistical analysis
Odds ratios and confidence intervals were calculated using the methodology of Bland and Altman (5). Mann -Whiney U tests for independent samples were carried out using SPSS version 16.0 Table 2 Symptoms of subjective visual disturbances among jewellery workers and VDT operators Table 2 shows 71.3% of jewellery manufacturing workers had symptoms of subjective visual disturbances. Whereas 34.78% of VDT operators reported the symptoms of visual disturbances.
Results
Phase one: Study of visual disturbances in jewellery manufacturing workers
Individual Visual symptoms such as visual component, Ocular-ESF and Ocular -ISF components were observed to be higher for jewellery workers. Table 3 shows that symptoms of subjective visual disturbances were higher among the jewellery manufacturing workers. P values for Visual, Ocular -ESF, Ocular -ISF, and overall were less than 0.000, 0.000, 0.029 and 0.000 respectively. The results presented in Table 4 shows that the visual angles for the jewellery manufacturing workers were significantly smaller (P<0.01) in spite of the shorter viewing distances (P<0.0001). The illumination levels were also observed to be lower (P<0.001) in jewellery manufacturing. -There were significant differences between 'control group -before work exposure' and 'the workers engaged in jewellery manufacturing -after work exposure' for all visual disturbances factors.
Phase two: Effect of work exposure
-There were significant differences between 'control group -after work exposure 'and 'the workers engaged in jewellery manufacturingafter work exposure' for all the visual disturbances factors.
-There were significant differences between 'the workers engaged in jewellery manufacturing -before and after the work exposure for all the visual disturbances factors. The result of ophthalmologic tests carried out on jewellery manufacturing workers (presented in Table  7 ) showed that the fundus condition was normal (92.16% right eye and 95.45% left eye), the intraocular pressures were found to be within the normal range of the workers engaged in jewellery manufacturing (11). Table 9 shows that the average eye blink rate of the workers engaged in jewellery manufacturing while performing their tasks was significantly lower (P<0.0001) than the normative value of EBR available in the literature (1, 12).
Phase three: Eye check-up and eye blink rate
Eye check-ups
Eye blink rate
Discussion
Near point accommodation, convergence and longer eye focus time can contribute to eyestrain or visual disturbances (2, 15) . The work of the jewellery manufacturing is precise; the gold and metal/stone pieces used are very small in size and jewellery manufacturing also requires longer duration of work exposure. Therefore, the requirement on visual demands due to work increases substantially. The above conditions might be the reason for the higher visual discomfort in comparison to the VDT operators and the control group. The nature of visual activities in jewellery manufacturing was similar to that of video display terminal (VDT) activities. The differences were in the levels of visual difficulties. Sheedy et al (7) had reported that inducing conditions for Ocular-ESF were dry eyes, glare, up gaze, small font and flicker. They had further reported that inducing conditions for Ocular-ISF were lens flipper, close viewing distance and mixed astigmatism. The visual angles in jewellery manufacturing activities were found to be smaller as compared to VDT operations. The viewing distances were found to be significantly shorter. The sensation of glares (from subjective responses) and requirements of concentration were found to be high. The above conditions might be the reasons for higher subjective visual disturbances. Neilson et al (13) reported that ocular surface area (OSA) and the eye blink frequency (BF) were affected by a high versus a lowmonitor position during visual display terminal (VDT) work with varying cognitive demands. Dumery et al (1) observed a relationship between blinking rate and eye strain (dry eyes) in VDT users. They had indicated that longer duration close viewing might be the cause of this syndrome. In the present study, it was observed that eye blinking rates were significantly lower as compared to data available in literature (1) . Since the activity of the jewellery manufacturing involves extended period of close viewing and lower eye blink rate, these might be also the reasons for the higher subjective visual disturbances. The result of ophthalmologic tests showed that the fundus conditions were normal and the intraocular pressures for both the eyes were also within the normal range. Therefore, there was no permanent effect on the workers' eye condition.
Conclusion
Subjective visual disturbances were higher in jewellery manufacturing workers. The jewellery manufacturing workers were exposed to lower illumination level and longer duration of work; and had lower eye blink rate, shorter viewing distances, smaller visual angles and low contrast jobs. These might have resulted in the higher levels of subjective visual disturbances. Present study also revealed that such disturbances did not result in pathological condition of the eyes.
